A gene termed EAP1 (Enhanced at Puberty 1) was recently identified as a transcriptional regulator of female neuroendocrine reproductive function. We have now used in vivo and in vitro assays, and the female rat as an animal model, to determine if Eap1 gene expression is regulated by ovarian steroids. Eap1 mRNA abundance decreases in both the hypothalamus and cerebral cortex during the infantilejuvenile phases of development, but it increases selectively in the hypothalamus at puberty, suggesting that in contrast to the general decline in expression observed in immature animals, the region-specific increase in Eap1 mRNA levels that occurs at puberty might be elicited by ovarian steroids. This is, however, not the case, because hypothalamic Eap1 mRNA levels increase at the expected time of puberty in rats ovariectomized at the beginning of the juvenile period. Although a subpopulation of EAP1-containing cells in the medial basal hypothalamus (MBH) and preoptic area (POA) express estrogen receptors alpha (ERα), the 5' flanking region of the rat (r)Eap1 gene does not contain a complete estrogen responsive element (ERE), and no such ERE is detected within 100 kb of the rEap1 locus. Functional promoter assays showed that neither E 2 alone nor a combination of E 2 plus progesterone (P) increases rEap1 gene transcription. Likewise, E 2 administered to ovariectomized immature rats elicited a robust surge of LH, but increased neither POA nor MBH Eap1 mRNA levels. E 2 /P-treated rats showed a massive elevation in plasma LH, but only a modest increase in Eap1 mRNA levels, limited to the MBH. These results indicate that hypothalamic Eap1 expression is not directly controlled by ovarian steroids, and suggest that Eap1 expression increases at puberty driven by ovary-independent, centrally-initiated events.
Introduction
When examined superficially, the process governing the secretory activity of GnRH neurons appears to be simple: variations in GnRH output are determined by synchronized changes in transsynaptic and glial inputs to GnRH neurons. In turn, these changes are influenced by signals of hormonal, metabolic and circadian nature. The system, however, is composed not only of different subpopulations of neurons and glial cells of diverse chemical phenotypes, but also requires a myriad of ligands, receptors, synaptic specifiers, cell-cell adhesion molecules, intracellular signalling complexes, and transcriptional regulators. Needless to say, for this complex machinery to generate a physiologically meaningful change in GnRH output, it needs to function in a highly interactive and coordinated fashion.
In an initial attempt to address this issue, it has been proposed that the neuroendocrine regulation of reproductive development requires a level of control provided by gene networks that, operating within the neuroendocrine brain, coordinate neuronal-glial interactions in a developmentally regulated manner (1) . While there is no doubt that regulatory control systems such as this one have the potential for thousands of interactions, it is also clear that the "heart" of such complex systems always consists of a handful of genes encoding transcription factors. Those involved in the central control of reproductive function would be expected to establish the conditions required for the productive engagement of neuron-to-neuron, neuron-to-glia, and glia-to-neuron circuitries controlling GnRH secretion, regardless of the transcriptional process they control.
Our knowledge of the number and composition of regulatory gene networks that may operate in the hypothalamus to control sexual development is rudimentary at best. However, at least one of these presumptive networks and its major hubs has been identified (2) , and evidence has been presented implicating three genes as potential "upstream" transcriptional regulators of the pubertal process: Oct2 (3), Ttf1 (4) and Eap1 (5) . The latter is an intronless gene, earlier known as chromosome 14 open reading frame 4 (C14ORF4) (6) . Eap1 encodes a nuclear protein expressed in neurons involved in the stimulatory and inhibitory control of GnRH secretion, including GnRH neurons themselves, as well as glutamatergic, GABAergic, and proenkephalinergic neurons. Eap1 also has dual transregulatory activity; it activates the GnRH promoter, but represses the preproenkephalin gene, which is inhibitory to the pubertal process. Reducing hypothalamic EAP1 expression in vivo using siRNAs delayed puberty and disrupted estrous cyclicity, indicating that EAP1 is necessary for the timely activation of GnRH secretion at puberty and for the periodic fluctuations in GnRH release associated with the estrous cycle (5) .
Because puberty is initiated by events that occur centrally (7) (8) (9) , a consideration that needs to be made when implicating genes in the process that sets puberty in motion is whether the pubertal expression of such genes requires the stimulatory effect of gonadal steroids. If it does, one may not assume that the gene in question is a bona fide component of the primum movens of puberty, even if the gene is still important (or even critical) for puberty to take place. Ttf1 and Oct2 may be early components of the initiating process, because their expression increases before puberty without the need of a change in gonadal steroid output (3, 4) . Because no such information exists in the case of Eap1, the present study addresses this issue.
Material and Methods Animals
Upon arrival, timed-pregnant rats and 21-dayold female Sprague Dawley rats (Harlan, Indianapolis, IN) were housed under controlled conditions of temperature (23-25 C) and light (14-h light, 10-h dark; lights on from 0500-1900 h). Food (Purina laboratory chow, RalstonPurina, St. Louis, MO) and water were provided ad libitum. Animal usage was duly approved by the Institutional Animal Care and Use Committee of the Oregon National Primate Research Center.
In vivo procedures
Developmental changes in rEap1 mRNA expression. To determine the changes in Eap1 mRNA abundance that may occur in the medial basal hypothalamus (MBH) during female sexual development, the MBH was collected from female rats euthanized at different postnatal (PN) ages (PN Day 0, 6, 12, 18, and 24), and at different stages of puberty. Samples of cerebral cortex (CTX) were also collected as a control tissue. When collecting the MBH from peripubertal rats, the tissue was dissected away from the median eminence (ME), which was used separately for Eap1 mRNA measurement. The animals were classified into five different stages of puberty following criteria previously established (10): late juvenile (LJ), early proestrus (EP), late proestrus (LP), estrus (E) and diestrus (D1). Briefly, LJ animals (28-30 dayold) have a closed vagina and a uterine weight of 60 mg or less. EP animals show enlarged uteri containing fluid and weighing between 60-195 mg. LP animals have heavier uteri (200 mg or more) filled with fluid ("ballooned"). Animals at this latter stage are considered as being in midpuberty, as they have not yet ovulated. The next day is the day of first estrus (E) when ovulation takes place. The vagina is open and the ovaries contain fresh corpora lutea. The estrus stage is followed by the first diestrus (D1). After dissection, the tissues were frozen on dry ice and stored at -85 C until RNA extraction. Ovariectomy (OVX) and steroid treatments. Two studies were performed. In both of them, the rats were OVX on PN day 23, under tribromoethanol anesthesia (Sigma, St Louis, MO, 0.5 g/kg BW, i.p). After surgery, the rats received a s.c. injection (0.1 ml) of the analgesic Kebuprofen (Butler Animal Health Supply, Dublin, OH, 1 mg/ml). In study 1, the rats were given a s.c. injection of estradiol benzoate (Sigma, EB, 100 μg/kg BW, s.c.) or vehicle alone (100 μl corn oil) five days after OVX. Two days later, they received progesterone (P, Sigma, 1 mg in 50 μl corn oil, s.c.) or oil alone. Animals were sacrificed 12, 24 or 54 hours after the first injection, and different areas of the brain (CTX, POA, MBH) were dissected, snap frozen on dry ice, and stored at -85 C until RNA extraction. In the second study, the animals were OVX and housed with intact animals (2 OVX and 2 intact rats/cage). Starting on day 28, the intact animals were inspected daily for signs of impending vaginal opening. Swelling and hyperemia of the genital area was observed in most rats of this group between 32 and 34 days of age. When these changes were detected both the intact rats entering puberty and the OVX animals housed in the same cage were euthanized, and the brain areas described above were collected for RNA extraction.
In silico analysis of the rEap1 gene 5' flanking region The rEap1 sequence was identified online by the Basic Local Alignment Search Tool (BLAST). The identified rat sequence (Genbank accession number NM_001012470, derived from AY879229) is located on chromosome 6 (Genbank accession number NC_005105.2). The position of the translation start site was predicted by the ATG predictor online tool (www.hri.co.jp/atgpr/; no longer available) (11 
Experimental identification of rEap1 TSS
The position of rEap1 TSS was determined in vitro using the GeneRACER Kit (Invitrogen, Carlsbad, CA). Four μg of total RNA from rat brain were dephosphorylated, decapped and ligated to a 44-mer 5' GeneRace oligodeoxynucleotide provided in the kit, before being reverse-transcribed using Superscript III reverse-transcriptase and random hexamers. The resulting cDNAs were amplified using Platinum Pfx DNA polymerase in a 50 μl reaction containing 4.5 μl of Gene Racer 5' primer (10 μM) and 1.5 μl of a gene specific 3' primer (50 μM, 5'-AGTCCCACGCCGAGAAGCCACCGATGTT-3') corresponding to nt 630-657 in the rEap1 mRNA sequence (NM_001012470). The PCR program employed consisted of an initial step of denaturation at 94 C for 2 min, followed by 5 cycles of 30 sec at 94 C and 2.5 min at 72 C, 5 cycles of 30 sec at 94 C and 2.5 min at 70 C and 25 cycles of 30 sec at 94 C, 30 sec at 68 C and 2.5 min at 68 C. The program ended with a final extension of 10 min at 68 C. The PCR products were then cloned into the plasmid pGEM-T (Promega, Madison, WI), and 14 positive clones were sequenced from both ends to determine the initiation of Eap1 mRNA transcription.
RNA extraction, RT-PCR and Semiquantitative PCR
Total RNA was prepared by the acid phenolextraction method, as described (5) . To remove DNA contamination, the RNA samples were treated with the DNA-free DNase I kit (Ambion, Austin, TX) according to the manufacturer's protocol. RNA concentrations were determined spectrophotometrically, and RNA integrity was verified on 1% denaturing agarose gels. Five hundred ng of total RNA was reverse transcribed using the Omni RT Kit (Qiagen, Valencia, CA) following the manufacturer's recommendations. To quantify rEap1 mRNA, we used a semi-quantitative PCR procedure described elsewhere (12) . Additional details are given in Supplementary Note 1.
Real-time PCR
Real-time PCR was performed essentially as described (5, 12) . Other details are provided in Supplementary Note 2.
To clone the rEap1 cDNA fragment that served as a template for the preparation of rEap1 sense mRNA standards, we used the PCR products obtained with the primers described in Supplementary Note 1.
This procedure resulted in a single PCR product that was cloned into the plasmid pGEM-T (Promega, Madison, WI), and sequenced from both ends to verify its identity.
Plasmid constructs
To investigate the effects of sex steroids on rEap1 promoter activity, we subcloned a fragment of the rEap1 5' flanking region (-2100 to +427 into the luciferase reporter plasmid pGL-3-Basic (Promega). The position of the TTS1detected by 5' RACE PCR (see Results) was used as +1. Details of the cloning procedure are provided in Supplementary Note 3.
Cell culture and promoter assays Promoter assays were carried out in C6 cells expressing the ERα or ERβ subtype (C6α and C6β), as reported (13) . Additional details are provided in Supplementary Note 4.
To examine the effect of estradiol (E 2 ) on rEap1 promoter activity C6, C6α and C6β cells were transiently transfected with the control plasmid (pGL3, 250 ng/ml), 250 ng of rEap1-pGL3 or 750 ng of the tkERE-luc plasmid used as a positive control (a kind gift from Dr. Peter Burbach, Rudolf Magnus Institute, University of Utrecht, Utrecht, The Netherlands). Twenty four hours after transfection, the medium was replaced with fresh medium containing the E 2 vehicle (ethanol, 0.1 μl/ml medium) and either 1 or 10 nM of E 2 (Sigma). The cells were harvested 24 and 48 h later for luciferase and β-galactosidase assays. Luciferase activity was expressed as percent of the activity detected in control cells transfected with rEap1-pGL3 only To examine the effect of P on rEap1 promoter activity, the cells were transfected with 250 ng of rEap1-pGL3 and 500 ng of the PR-Aexpressing plasmid PRA-pCMV5 (kindly provided by Benita Katzenellenbogen, University of Illinois, Urbana, IL). Control cells received the pCMV5 empty plasmid instead. The day after transfection, the medium was replaced with fresh medium containing 10 nM E 2 (Sigma) while control wells received medium with vehicle only (ethanol). Twenty four hours later, the cells either received P (Sigma, 250 nM) or DMSO (Sigma, 0.2 μl/ml medium), the P vehicle. The next day, the cells were harvested for luciferase and β-galactosidase assays. Every experiment was repeated 3 times (using at least 3 wells per condition each time). Luciferase activity was expressed as percent of the activity detected in cells transfected with rEap1-pGL3 and treated with E 2 only.
Immunohistochemistry
To determine if the cells that contain EAP1 protein in the rat hypothalamus also express ERα immunoreactive material, we used rabbit polyclonal antibodies against EAP1 (5), and a monoclonal antibody (clone 1D5, LabVision Neomarkers, Freemont, CA) against ERα. Frozen sections (30 μm) obtained from the brain of immature 28-day-old rats (perfusionfixed with 4% paraformaldehyde-PBS, pH 7.4) were mounted on Superfrost glass slides, dried for 2 h under an air stream and subjected to an antigen retrieval protocol (14) . Thereafter, the sections were incubated for 48 h at 4 C with EAP1 antibodies diluted 1:5,000 and anti-ERα antibody (1:100). At the end of this period, the reactions were developed and visualized as indicated in Supplementary Note 5.
LH assay
Trunk blood was collected at the time of sacrifice. Serum levels of LH were measured by RIA as reported (5).
Statistics
Data passing a normality test were analyzed using the 2-tailed Student's t test to compare 2 groups, or a one-way ANOVA followed by the Student-Neuman-Keuls multiple comparison test to compare several groups. When the data failed the normality test, they were analyzed using an ANOVA test on ranks followed by the KruskalWallis One Way Analysis of Variance on Ranks test (SigmaStat, Systat Software Inc. v3.11, San Jose, CA). A p value of <0.05 was considered statistically significant.
Results
Eap1 gene expression decreases in the female rat hypothalamus during neonatal-juvenile development to increase again at the time of puberty. We used semi-quantitative PCR to determine whether expression of the Eap1 gene changes throughout development in the female rat hypothalamus. Eap1 mRNA levels were high in the MBH during the first 6 days after birth, but declined thereafter throughout infantile-early juvenile development (PN day 12 to 24; Fig 1A) . A slightly less pronounced, but significant decrease was also observed in the CTX (Fig 1C) .
Consistent with a previous report (5), Eap1 mRNA abundance increased again in the MBH (isolated from the ME) at the time of puberty, with the highest levels found on the day of the first preovulatory surge of gonadotropins (LP phase of puberty, Fig. 1B ). After ovulation (E and D1 phases of puberty), Eap1 mRNA levels declined towards late juvenile values. No such puberty-related changes were observed in either the ME (Fig. 1D) , a region of the hypothalamus devoid of neuronal cell bodies, or the CTX (Fig.  1E) , a brain region not directly implicated in the control of puberty.
Some EAP1-containing cells of the MBH and POA also express ERα
Because Eap1 mRNA abundance increases in the MBH at the stages of puberty during which E 2 levels are also increasing (EP and LP), we performed experiments to determine whether this peripubertal change in Eap1 gene expression is ovarian steroid-dependent. We first carried out immunohistofluorescence studies to determine whether EAP1-containing cells are ERα or ERβ immunopositive. It is well-established that ERα and ERβ are expressed in discrete cell populations of the MBH and POA (15) . We were unable to reliably localize cells containing immunoreactive ERβ, because of the intense background shown by two antibodies tested (Mab EMR02, Nova Costra, Newcastle, UK; Mab PPG5/10, Serotec, Oxford, UK). However, we found that a subpopulation of EAP1-containing cells in the ventromedial nucleus (VMH) and arcuate nucleus (ARC) of the MBH ( Fig. 2A-D) , and in the POA (Fig. 2E-H) are also ERα positive. This co-localization suggests the possibility of a direct effect of E 2 on hypothalamic Eap1 expression mediated by ERα.
The rEap1 5' flanking region
The direct effects of E 2 on rEap1 transcription were investigated using promoter assays. Since no information on the rEap1 promoter region was available, we first sought to identify the position of the TSS. In silico analysis predicted that the TSS is located at about 900 bp upstream of the translational initiation site. Multiple RACE PCR products showed the presence of more than one TSS, which is a characteristic of genes lacking a TATA box (16), such as Eap1. All TSSs were found in the predicted area, and are located 911 (TSS1), 828 (TSS2) and 816 (TSS3) bp upstream from the ATG translation initiation site, respectively (Fig 3) . Because 6 of 14 clones showed initiation of transcription 911 bp upstream of the ATG codon, we named this site TSS1 and assigned it the position +1. It is likely, however, that TSS2 is also used as a major TSS, because it was found in 5 of 14 clones. A 2 kb region upstream of TSS1 was then searched for potential EREs and progesterone response elements (PRE), known to mediate the effects of E 2 and/or P. Web-based tool analysis showed the presence of three regions (Fig. 3 , labeled ERE and highlighted in gray) containing one of the arms of the ERE palindromic inverted repeat. One additional region (-872 to -856, also labeled ERE and highlighted in grey) contains an imperfect palindrome due to substitutions in positions +5 (A for C), +7 (A for T) and +8 (A for G) of the downstream arm. Because EREs may be present at distances greater than 5 kb from the TSS of genes (17) we inspected both visually and using TESS software 50 kb upstream and 50 kb downstream from TSS1 and found no complete EREs in this large DNA fragment. Two incomplete PRE half-sites were detected in the cloned 5' flanking region of rEap1 (Fig. 3 , labeled PRE and underlined). Putative binding motifs for SP1 and AP1, known to mediate some transcriptional effects of E 2 (18) (19) (20) , were also detected. This genomic fragment was then subcloned into the luciferase reporter vector pGL3-Basic. The construct, named EAP1-pGL3, showed a dose-dependent activity when transiently transfected into C6 cells (data not shown).
Estrogen effects on rEap1 transcriptional activity
To test the effect of E 2 on the rEap1 promoter, we used C6, C6α and C6β cells in transient transfection assays. Twenty-four hours after transfection with EAP1-pGL3, C6 cells were treated with 1 and 10 nM of estradiol, or the vehicle (ethanol) as a control. Other cells were transfected with a luciferase construct containing a tandem of EREs linked to the thymidine kinase promoter (tkERE-luc) as a positive control.
Although, in native C6 cells estrogen at 10 nM resulted in a small (~10%) reduction in rEap1 promoter activity after 24 h of exposure ( Fig  4A) , this effect was no longer evident at 48 h (Fig. 4A) , and was not seen in either C6α (Fig.  4C) or C6β (Fig. 4E) cells. As shown earlier (13), E 2 failed to increase tkERE-luc transcriptional activity in native C6 cells. Instead, these cells showed after 24 h of treatment a spurious decline (Fig. 4B) (Fig. 1A) . Estradiol did, however, increase the activity of the tkERE promoter at both 24 and 48 h in C6α cells (Fig. 4D) , and at 48h in C6β cells (Fig. 4F) .
P effects on rEap1 transcriptional activity
Because P contributes to enhancing the preovulatory surge of gonadotropins in rats (21), we tested the effects of P on rEap1 transcriptional activity using C6, C6α and C6β cells. Since the previous experiment (shown in Fig. 4 ) demonstrated the inability of E 2 , administered at two different doses, to increase rEap1 gene transcription, we assessed the effect of P using as controls C6, C6α, and C6β cells treated with the highest dose of E 2 (10 nM). All groups were examined in either the absence or presence of a transiently transfected plasmid expressing PR-A. Despite a spurious decline in rEap1 promoter activity seen in native C6 cells exposed to P alone or E 2 + P (Fig. 5A, left  panel) , neither treatment affected Eap1 transcription in C6 cells transfected with PR-A (Fig. 5A, right panel) . In C6α cells transfected with PR-A, Eap1 promoter activity was slightly decreased by P alone or E 2 + P ( P <0.05) (Fig.  5B ), while neither P alone nor E 2 + P changed Eap1-driven transcription in C6β cells, regardless of the presence of PR-A (Fig. 5C ). The absence of discernible sex steroid effects on rEap1 transcriptional activity in vitro suggests that sex steroids may not responsible for the increase in hypothalamic Eap1 gene expression seen in vivo at the time of puberty. To address this issue, we examined the expression of rEap1 mRNA in the POA and MBH under two different in vivo conditions: in rats OVX during early juvenile development and euthanized at the expected time of puberty, and after inducing an E 2 -P-induced LH surge in OVX rats.
Hypothalamic Eap1 gene expression increases at the expected time of puberty in the absence of ovarian steroids
The MBH of intact rats that were in the EP and LP phases of puberty when euthanized between 32 and 34 days of age showed a significant (P<0.01) increase in Eap1 mRNA levels as compared to 29-day-old late juvenile controls (Fig. 6 ). This result is identical to that previously obtained using semi-quantitative PCR (Fig. 1B ). An identical increase was observed in agematched OVX rats (Fig. 6) , suggesting that the pubertal increase in Eap1 expression seen in the neuroendocrine brain at the time of puberty does not require ovarian steroids. No changes in Eap1 mRNA abundance were detected in the CTX or POA at the time of puberty in either intact or OVX rats (Fig. 6 ).
An E 2 -induced preovulatory surge of gonadotropins increases neither MBH nor POA rEap1 gene expression
An injection of EB to 28-day-old OVX rats caused an initial decline in serum LH levels 12 and 24 h later (Fig. 7, inset ). This decline was followed by a 30-40 fold increase in LH levels at 54 h, i.e. in the afternoon of the second day after the injection. As expected (22) , administration of a single injection of P 6 h before sacrifice greatly enhanced the EB-induced LH surge (Fig.  7, inset) . EB injection resulted in a modest decrease in rEap1 mRNA levels in the MBH after 24 h, but failed to affect MBH Eap1 mRNA abundance at the time of the E 2 -induced LH surge. Administration of P to EB-treated rats resulted in a small ( P <0.05) increase in Eap1 mRNA content in the MBH, but neither EB alone or in combination with P were able to alter Eap1 expression in the POA, the site of E 2 positive feedback in the rat (23, 24) . Likewise, neither steroid treatment changed Eap1 mRNA levels in the CTX (Fig. 7) .
Discussion
The present results indicate that Eap1 gene expression is not directly controlled by ovarian steroids, and suggest that the increase in Eap1 mRNA abundance that occurs in the hypothalamus at the time of female puberty in both rodents and nonhuman primates is most likely determined by ovary-independent, centrally originated events. By showing this autonomy, Eap1 behaves like Oct2 and Ttf1, the two other presumptive upstream transcriptional regulators of the pubertal process, as hypothalamic expression of both of these genes changes during female prepubertal development in the absence of alterations in ovarian steroid output (3, 4, 25) .
The inability of E 2 to affect rEap1 gene transcription is somewhat surprising because of the presence of ERα in EAP1-containing neurons of the POA, VMH and ARC, and the in silico detection of ERE half sites in the 5'flanking region of the rEap1 gene. However, none of these incomplete EREs provides the canonical, complete palindromic sequence arrangement required for efficient ER binding (26) . Although the ERE detected at -872 to -856 does contain both arms of the ERE palindromic sequence, the downstream arm is imperfect with the nucleotides CCTG in position +5 to +8 replaced by ACAA. An analysis of the impact that variations in the ERE sequence have on E 2 -induced transcriptional activity led to the conclusion that such substitutions would "decrease ERα binding even in the presence of a perfect ERE half-site in the imperfect palindrome" (27) . The inability of estradiol to increase Eap1 transcription at both physiological (1 nM) and supraphysiological (10 nM) concentrations provides experimental evidence supporting this prediction.
The 5' flanking region of the rEap1 gene also contains AP1 and SP1 binding sites (Fig. 3) . Although ERα has been shown to recognize such sites, and use them for regulation of gene transcription, such an interaction is not a required feature of estrogen action (18, 19) . A recent whole genome analysis of ERα binding sites (17) indicated that functional EREs may map to intronic regions or to DNA segments located more than 5 Kb from the 5' and/or 3' end of the gene. Eap1 is an intronless gene, but we analyzed a large DNA fragment comprising 50 kb upstream and 50 kb downstream of TSS1. The absence of any complete palindromic ERE site in this large DNA segment further suggests that transcription of the rEap1 gene is not under direct estrogen control.
The in vivo studies faithfully corroborated the promoter assay results as EB, administered as a regime able to induce a preovulatory surge of gonadotropins, increased neither MBH nor POA Eap1 mRNA levels. If E 2 -dependent changes in Eap1 expression were required for the manifestation of the E 2 positive feedback on GnRH/gonadotropin secretion, one would expect to see an increase in Eap1 expression in the POA, the primary site of E 2 positive feedback in the rodent brain (23, 24) . Our in vivo results did show, however, a modest decrease in MBH Eap1 mRNA levels 24 h after administration of EB, at the time when LH were reduced, and a similar modest increase 6 h after P administration, coinciding with the time of the massive increase in LH release induced by the steroid. The most likely interpretation of these data, when they are considered in conjunction with the promoter assay results, is that the small changes we observed in Eap1 mRNA levels after E 2 or E 2 +P represent indirect effects exerted via cell-cell communication pathways set in motion by other E 2 and P-responsive neuronal and/or glial populations. It is also possible that Eap1 expression in hypothalamic cells containing ERα is affected indirectly by transcriptional activators/repressors, and or posttranscriptional/post-translational modifiers induced via E 2 and/or P-dependent signaling pathways.
Such steroid-dependent interactions may, however, be only important to fine-tune Eap1 expression, because Eap1 mRNA levels increase in the MBH at the expected time of puberty in the absence of ovarian steroids, to levels similar to those seen in intact peripubertal animals. Moreover, E 2 treatment of OVX immature rats elicits a robust surge of gonadotrophins, but does not increase Eap1 mRNA levels in either the MBH or POA. These findings strongly suggest that E 2 is not a primary factor underlying the increase in hypothalamic Eap1 mRNA levels observed in the MBH of female rats, and female rhesus monkeys, at the time of puberty (5).
The age-related decrease in Eap1 mRNA levels detected in the MBH and CTX during neonatal-juvenile development, further argue for the independence of Eap1 expression from ovarian influences. These age-related changes are especially revealing, because hypothalamic Eap1 mRNA abundance begins to decline when estrogen negative feedback is not yet established (28) , and continues to decrease unabated during the period when this feedback loop becomes fully functional (29) , likely due to an increase in circulating levels of free E 2 (30) . The mechanisms underlying the age-related postnatal decrease in Eap1 abundance are not known, but they are likely to be driven by developmental events that are not regionspecific, because the decline is observed in both the CTX and MBH.
We previously reported that selective knock-down of hypothalamic Eap1 expression results in delayed puberty and disruption of the rat estrous cycle (5) . The present results suggest that loss of hypothalamic Eap1 expression does not affect estrous cyclicity by interrupting estrogen positive feedback-dependent events. Instead, inhibition of Eap1 expression may affect some other basic regulatory mechanism, such as the circadian synchronization of pulsatile GnRH secretion that occurs during both puberty and the estrous cycle. Further studies are necessary to explore this issue. Also in need of experimental analysis is the potential role that Eap1 may play in the control of male puberty.
Altogether, these results are consistent with the notion that EAP1 may represent a potentially important component of the gonadindependent increase in "central drive" thought to initiate puberty in both rodents and primates (7, 8) . It would not be unreasonable to assume that this hierarchy of upstream transcriptional regulators to which Eap1 belongs may be a key molecular component of the central drive. Such a role would also be consistent with the concept that putative "upper-echelon" genes like Eap1 control the transcription of overlapping, but interacting, regulatory gene networks, and that by doing so, they may establish the conditions required for the synchronized activation of neuronal and glial cellular networks involved in the control of puberty (1) . It can be also envisioned that these transcriptional regulators may functionally converge with ovarian steroids to regulate targets genes important for the initiation of puberty and subsequent maintenance of reproductive cyclicity. PN day 24) . B, Eap1 expression in the MBH separated from the ME (MBH-) increases at the time of puberty reaching maximum values on the day of first proestrus (LP). C, Eap1 mRNA content in the CTX decreases steadily from the time of birth to the first half of the juvenile period. D, Eap1 mRNA content does not change in the ME at the time of puberty. E, Eap1 mRNA content remains at low levels in the CTX throughout puberty. The results are expressed as ratios between Eap1 and cyclophilin mRNA. AU, arbitrary units. Numbers in parenthesis above bars indicate the number of animals per group, and vertical bars represent SEM. LJ, late juvenile (28-30 days of age); EP, early puberty; LP, late (first) proestrus; E, first estrus; D1, first diestrus. In A and C, *** = p < 0.01 vs. all older ages; In B ** = p < 0.02 vs. all other groups, except EP (ANOVA followed by Student-Neuman-Keuls test). Based on the human EAP1 gene sequence, the homologous rat sequence was identified, and a 2kb upstream region was analyzed in silico for potential TSSs (denoted by squares; the online tools used to predict TSSs are shown in parenthesis) and transcription factor binding sites (underlined sequences). A search for EREs was performed using the Dragon Promoter Finder and TESS search webtools (gray highlights, names of webtools in parenthesis). Experimental identification of rEap1 TSSs by RACE PCR identified three TSSs (shown by letters inside ovals). All three sites are located within a 100 bp range). The most frequent site, detected in 6 of 14 clones, was termed TSS1 and was given the position +1. The second most frequently used TSS (5 of 14 clones) was termed TSS2, and the third most frequently used TSS (3 of 14 clones) was termed TSS3. A fragment containing 2,100 bp of DNA upstream from TSS1 and 429 bp of 5'-untranslated mRNA sequence was then PCR-amplified using specific primers (framed sequences in italics) and subcloned into the pGL3-Basic luciferase vector. Eap1 mRNA levels in the POA or CTX were unaffected by the steroid treatments. EB alone (100 μg/kg) caused a small (*= p<0.05; ANOVA followed by Student-Neuman-Keuls test), decrease in Eap1 mRNA levels in the MBH at 24 h, but had no discernible effect at the time of the EB-induced preovulatory surge of LH, 54 h after injection. P (1 mg/rat) administered to EB-treated rats 6 h before sacrifice resulted in a small increase in Eap1 mRNA content in the MBH (* = p <0.05), but not the POA. Numbers in parenthesis on top of bars are number of animals per group. Vertical lines are SEM. Inset: Changes in serum LH levels 12, 24 and 54 h after a single dose of EB or 6 h after injecting EB-treated rats with a single dose of P. Values beyond the upper limit of sensitivity of the assay were assigned an arbitrary value of 500 ng/ml. 
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